Introduction: White spot lesions (WSLs) occurring after orthodontic treatment lead to patient dissatisfaction and aesthetic problems. The role of calcium-phosphate demineralization systems and the Er:YAG laser in the treatment of these lesions has recently been taken into account. This study aimed to investigate the effect of the Er:YAG laser and MI Paste Plus on the treatment of WSLs. Methods: A total of 65 premolars extracted due to orthodontic treatment were studied in this research. To create enamel lesions, the teeth were placed in a demineralizing solution. The teeth were then randomly divided into five groups (n=13) as follows: first group, control; second group, saliva; third group, MI Paste Plus; fourth group, Er:YAG laser; and fifth group, MI Paste Plus together with the Er:YAG laser. The teeth were kept in artificial saliva between treatment processes. Artificial saliva was replaced daily with fresh artificial saliva. The teeth were sectioned longitudinally by a disc from the middle of the exposed enamel and each section was mounted in polyester resin. The surface of the samples was serially polished and the microhardness of the teeth was measured at depths of 0, 50, 100, and 150 µm. Results: The microhardness was significantly higher in the fifth group than other groups at depths of 50 and 150 µm (P < 0.005). Using the laser or MI Paste Plus alone did not significantly increase the microhardness. Conclusions: The combined application of the Er:YAG laser and MI Paste Plus is effective in the treatment of WSLs.
Introduction
Despite the attempts made to inform the patients and encourage them to observe oral hygiene, White spot lesions (WSLs) due to fixed orthodontic appliances have still remained a major clinical problem and have increased since the advent of bonded brackets. 1 Various studies have reported the prevalence of WSLs in orthodontic patients. Gorelick reported a prevalence rate of 50% for these lesions, 2 while newer studies have reported a prevalence rate of 73-95%. 3 These lesions are usually seen at the buccal surface of the teeth around the brackets, especially at the gingival area. 2 Many efforts have been made to use different methods to prevent these lesions, and issues such as the improvement of appliances, bonding, fluoride application, and improve oral care have been emphasized. 4 The use of topical fluoride is a helpful method for the prevention of these lesions, not for their treatment. 5 The calcium-phosphate remineralization systems, whose effects are based on the increased natural capacity of saliva remineralization, have recently been considered for the treatment of these lesions. One of these materials is casein phosphopeptideamorphous calcium phosphate (CPP-ACP), a nanocomplex derived from milk casein that significantly increases salivary calcium and phosphate levels. It prevents demineralization and increases remineralization or by elevating the buffering effect of saliva and protects the teeth against acidogenic crises by providing a large source of calcium and phosphate inside the plaque. 5 Products such as MI and GC contain ACP. ACP has unstable calcium and phosphate salts. As the salts mix with saliva, they release calcium and phosphate ions. In an oral environment, ACP is transformed into a more stable, insoluble crystalline phase (e.g. hydroxyapatite). In vitro and in vivo studies have shown a reduction in WSLs as a result of the topical use of these materials. However, further studies are needed to prove their role in calciumbased remineralization systems. 6
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Effect of Laser and MI Paste Plus on White Spot
Studies have recently explored the effect of the erbium laser on the morphologic and chemical structure of enamel and its role in decreasing the microorganisms. For this reason, this type of laser is used in low energy to make chemical and structural changes to the enamel surface. This laser with a wavelength of 2.94 µm is located in the mid-infrared region and is used for the treatment of hard tissues. It is the first type of laser approved by the U.S. FDA for the treatment of hard tissues. 7 This study aimed to investigate the efficacy of the Er:YAG laser and MI Paste Plus in the treatment of WSLs and compare the combined application of them with each one alone.
Methods
This study was performed under the precepts of the World Medical Association's Declaration of Helsinki, as adopted in 2013 in Brazil. In this study, 65 premolars extracted due to orthodontic treatment were studied. The teeth were irrigated with normal saline and kept in 0.1% thymol solution. The premolars included in the study had normal anatomy and lacked WSL, crack, and caries under dental chair light. The teeth were placed in a demineralizing solution containing CaCl 2 = 2.2 mM, NaH 2 PO 4 = 2.2 mM, lactic acid = 0.05 M, and fluoride = 0. 2 ppm, and the solution was mixed with 50% NaOH until reaching the pH=4.5. The solution was changed daily and washed with artificial saliva after 96 hours. 7 The teeth were then randomly divided into 5 groups (n=13) as follows: group 1, control; group 2, saliva; group 3, MI Paste Plus; group 4, Er:YAG laser; and group 5, MI Paste Plus together with the Er:YAG laser.
All dental surfaces except one 4×4 window in the center of the buccal area as the treatment site were covered with two layers of nail polish. The teeth in group one after the demineralization process were sectioned longitudinally by a disc from the middle of the exposed enamel and each section was mounted in polyester resin and prepared for the microhardness test as explained below. Group two was kept in artificial saliva for 2 months, and saliva was exchanged daily. In group three, MI Paste Plus was applied to the site by a cotton swab and was washed with normal saline after 5 minutes. Group 4 was merely exposed to laser irradiation and group five received MI Paste Plus after laser irradiation. Groups 3, 4, and 5 underwent their treatment procedures at the beginning of the process, one month later, and 2 months after the start of the treatment. The teeth were kept in artificial saliva between treatment processes and were washed with an electric toothbrush and Crest toothpaste. Saliva was exchanged daily. This process was performed equally in all groups. The laser in groups 4 and 5 was done by an Er: YAG laser device (Fontona-1210 Ljubijana, Slovenia) with a wavelength of 2940 nm. A spot size of 0.9 mm and an R14 handpiece were used. The laser was operated at a pulse mode (long pulse) at a distance of 5-7 mm perpendicular to the surface. The laser was used at 100 mJ and 10 Hz for 5 seconds with air and water cooling spray, and the average output power was 1 W.
After this process, the teeth were sectioned longitudinally by a disc from the middle of the exposed enamel and each section was mounted in polyester resin. Then, since the surface of the samples had to be polished to perform the microhardness test, the surface of the samples was serially polished by Soflex discs (3M, ESPE, St, Paul, USA) from higher to lower roughness under the cooling water flow. In the second stage, the samples were polished by silicon carbide paper from the roughness of 6000 to the softest carbide paper on circulating plates under the cooling water flow. The microhardness of the profile was then measured by a microhardness tester (FM-700 series Future-Tech, Kawasaki, Japan) and Vickers diamond indenter under a force of 50 gr for 5 seconds at depths of 0, 50, 100, and 150 µm from the external border of enamel ( Figure 1 ). To increase the accuracy of the procedure, microhardness was measured in each depth at three points and the mean number was reported. After analyzing the microhardness of samples by a microhardness tester, the figures obtained for each sample were recorded and fed into a computer for analysis.
Data Analysis
Data were fed into SPSS-17 software. To analyze the normality of data, Kolmogorov-Smirnov and Shapiro-Wilk tests were used. If data were not normally distributed, the Kruskal-Wallis test was run to analyze the mean differences. Then, the Mann-Whitney test was used for pair comparisons. We used Bonferroni correction for pair comparisons; therefore, according to the results of Bonferroni correction, the level of significance for pair comparisons was considered as P < 0.005.
Results
The means and standard deviations of microhardness of different study groups at various depths are presented in Table 1 and Figure 2 
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The results of pair comparisons between the groups at different depths by the Mann-Whitney test showed group five had the highest microhardness at all depths. This difference was statistically significant with all other groups at depths of 50 and 150 µm (P < 0.005). Group 4 did not have a statistically significant difference with other groups (P < 0.005). None of the depths of the control and artificial saliva groups showed a statistically significant difference ( Table 2 ).
Discussion
The results of the current study showed the use of MI Paste Plus along with the Er:YAG laser was the most effective method for increasing the microhardness of WSLs. The only effective method for increasing the microhardness of these lesions was the simultaneous use of the Er:YAG laser and MI Paste Plus at depths of 50 and 150 µm. The application of the Er:YAG laser alone did not have statistically significant results (P < 0.005).
One of the most important concerns of dentists is the incidence and development of WSLs. 8 Numerous methods have been proposed for the prevention and treatment of these lesions. The calcium-phosphate remineralization systems, whose effects are based on the increased natural capacity of saliva remineralization, have recently been considered for the treatment of these lesions. One of these methods is the use of CPP-ACP paste, which is derived from milk. The fluoride-free compound of this material is MI Paste and its fluoride compound is MI Paste Plus. These products are used to induce supersaturated amorphous calcium phosphate in dental plaque. 9, 10 It has been shown that CPP-ACP causes calcium phosphate deposition in the dental plaque around the teeth. 11 After consuming sugar products and foodstuffs, which is followed by the occurrence of acidic conditions, this material leads to www.SID.ir
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Effect of Laser and MI Paste Plus on White Spot supersaturated minerals, limits the demineralization of teeth, and contributes to the remineralization of WSLs. 11 MI Paste Plus contains CPP-ACP and fluoride 900 ppm. It is believed that adding fluoride ion to this material increases its effect on the remineralization of enamel lesions compared to CPP-ACP or sodium fluoride alone. [12] [13] [14] In this study, the only effective method for increasing the microhardness of these lesions was the simultaneous use of the Er:YAG laser and MI Paste Plus at depths of 50 and 150 µm. The application of the Er:YAG laser alone did not increase the enamel microhardness. The better results observed in group 5 may be due to the synergistic effect of laser and MI Paste plus. The laser appears to increase the penetration and effectiveness of the MI Paste plus. Various theories have been proposed to explain the effects of lasers on the tooth structure. Mechanisms such as connection due to melting and strength of enamel crystals, the reduction of water and enamel carbonate, an increase in hydroxyl ions, and changes in the structure of enamel proteins are theories that explain the increased resistance of teeth against acid in laser irradiation. [15] [16] [17] High-power lasers such as Er: YAG lasers can induce cracks in the enamel. It can also roughen the enamel surface, which can make the tooth more susceptible to decay. These effects seem to be greater in demineralized enamel. [18] [19] [20] The results of the fourth group appear to be related to the detrimental effects of laser use alone.
Previous studies have generally used high-power lasers such as Er:YAG and CO2 to prevent the occurrence of these lesions. 16, [21] [22] [23] [24] [25] Few studies, however, have used these lasers for the sake of treatment. 24, 26, 27 In the study of Bevilacqua et al and some similar ones, the use of erbium lasers to prevent caries has been reported to be effective. [28] [29] [30] Yet, some other studies have not reported such preventive effects for erbium lasers. 18, 19, 31 The present study made use of the Er:YAG laser with 100 MJ energy, 10 Hz frequency, and 1 W power along with MI Paste Plus to analyze their treatment effects.
The microhardness test is generally used to measure the remineralizing effect of materials. 32 The Vickers microhardness test indirectly measures the tooth remineralization via measuring the surface harness changes due to demineralization and remineralization. 33 In this study, the Vickers microhardness test was sued after performing the treatment procedures. Many other studies have also used this test to measure the remineralization changes. 26, 27, 31, 34 The findings of the present study were in contrast with those of Heravi et al indicating that the use of the erbium laser alone and in combination with CPP-ACPF was not effective in the treatment of WSLs. 26 These differing results may be due to the difference in various parameters of lasers used such as pulse energy, pulse duration, energy density, radiation time, and use of or not use of air or water for cooling during laser irradiation. It should be noted that most previous studies have investigated the anticaries effects of erbium lasers on the prevention of WSLs. Moreover, these studies have used lasers in combination with materials other than MI Paste Plus. 28, 35, 36 The use of MI Paste Plus seems not to have desirable clinical effects in these conditions. Robertson et al 37 and Bailey et al 38 used materials containing CPP-ACP and CPP-ACPF (MI Paste Plus) for the prevention and treatment of WSLs respectively. They stated that the use of these products yielded good results. They used these products for one to three months with a higher frequency. However, the present study used MI Paste Plus three times, each time for five minutes. The difference in results may be due to the less use of these products compared to the previous studies. [37] [38] [39] [40] Yet, some studies have found no significant difference between these materials and the saliva group, whether used for prevention or treatment, which seems to be due to short-term use of these materials followed by daily irrigation. 11, 21, 41 Since the duration of use of the material in this study was increased by five minutes each time, no significant difference was observed compared to the control group. The results of this study were in line with those of Hervai et al, 26 indicating no significant difference between MI Paste Plus and the control group in the treatment of WSLs. Only some in vivo studies have reported the positive effects of materials containing CPP-ACP used daily for one to three months for treatment purposes. 5, 38, 39 The increased frequency in in vitro studies can yield better results. Further studies are needed to prove this.
Conclusion
The results of this study showed that the simultaneous use of MI Paste Plus and the Er:YAG laser had optimal results regarding the microhardness measurement for the treatment of WSLs. It seems that the simultaneous use of MI Paste Plus and the Er:YAG laser has synergistic effects. The use of laser singly was not effective. It seems that the use of MI Paste Plus alone is not effective in the treatment of WSLs, but it is more effective when it is used with the Er:YAG laser.
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